Abstract-Mechanism of chlorophyll-a appearance and its locality in the intensive study area of the Ariake Sea, Japan in winter seasons is clarified by using remote sensing satellite data. Through experiments with Terra and AQUA MODIS data derived chlorophyll-a concentration and truth data of chlorophyll-a concentration together with meteorological data and tidal data which are acquired for 6 years (winter 2010 to winter 2015), it is found that strong correlation between the chlorophyll-a concentration and tidal height changes. Also it is found that the relations between ocean wind speed and chlorophyll-a concentration. Meanwhile, there is a relatively high correlation between sunshine duration a day and chlorophyll-a concentration. Furthermore, it is found that there are different sources of chlorophyll-a in the three different sea areas of Ariake Sea area in the back, Isahaya bay area, and Kumamoto offshore area.
INTRODUCTION
The Ariake Sea is the largest productive area of Nori (Porphyra yezoensis1) in Japan. In winters of 2012 and 2013, a massive diatom bloom occurred in the Ariake Sea, Japan [1] . In case of above red tides, bloom causative was Eucampia zodiacus 2 . This bloom has being occurred several coastal areas in Japan and is well reported by Nishikawa et al. for Harimanada sea areas [2] - [10] . Diatom blooms have recurrently occurred from late autumn to early spring in the coastal waters of western Japan, such as the Ariake Sea [11] and the Seto Inland Sea [12] , where large scale "Nori" aquaculture occurs. Diatom blooms have caused the exhaustion of nutrients in the water column during the "Nori" harvest season. The resultant lack of nutrients has suppressed the growth of "Nori" and lowered the quality of "Nori" products due to bleaching with the damage of the order of billions of yen [3] .
This bloom had been firstly developed at the eastern part of the Ariake Sea. However, as the field observation is timeconsuming, information on the developing process of the red tide, and horizontal distribution of the red tide has not yet been clarified in detail. To clarify the horizontal distribution of red tide, and its temporal change, remote sensing satellite data is quite useful.
In particular in winter, almost every year, relatively large size of diatoms of Eucampia zodiacus appears in Ariake Sea areas. That is one of the causes for damage of Porphyra yezoensis. There is, therefore, a strong demand to prevent the damage from Nori farmers. Since 2007, Asteroplanus karianus appears in the Ariake Sea almost every year. In addition, Eucampia zodiacus appears in Ariake Sea since 2012. There is a strong demand on estimation of relatively large size of diatoms appearance, size and appearance mechanism).
The chlorophyll-a concentration algorithm developed for MODIS 3 has been validated [13] . The algorithm is applied to MODIS data for a trend analysis of chlorophyll-a distribution in the Ariake Sea area in winter during from 2010 to 2015 is made. Then chlorophyll-a distributions of three specific areas, Ariake Bay, Isahaya Bay and Kumamoto Offshore are compared. It is intended to confirm that the sources of the chlorophyll-a concentration are different each other of sea areas.
The major influencing factors of chlorophyll-a concentration are species, sea water temperature (sunshine duration a day), northern winds for convection of sea water, and tidal effect have to be considered. Therefore, the relations between chlorophyll-a concentration and tidal effects, ocean wind speed as well as sunshine duration a day are, then, clarified.
In the next section, the method and procedure of the experimental study is described followed by experimental data and estimated results. Then conclusion is described with some discussions. www.ijarai.thesai.org
II. METHOD AND PROCEDURE

A. The Procedure
The procedure of the experimental study is as follows, Fig.1 shows the intensive study areas in the Ariake Sea area, Kyushu, Japan. 
B. The Intensive Study Areas
III. EXPERIMENTS
A. The Data Used
MODIS derived chlorophyll-a concentrations which area acquired for the observation period of one month (January) in 2010 to 2015 are used for the experiments. Also, the meteorological data which includes sunshine duration a day, ocean wind speed and direction, tidal heights which are acquired for the same time periods as MODIS acquisitions mentioned above. In particular for 2015, two months January and February) data are used for trend analysis. Fig.2 shows the data used for two month period of time series MODIS derived chlorophyll-a concentrations in January and February, 2015. These data are acquired on January 4, 6, 7, 8, 9, 9 4 , 10, 12, 17, 18, 20, 23, February 1, 3, 6, 9, 13, 14, 20, 27, and March 2 in 2015, respectively (from top left to bottom right in Fig.2 ). MODIS data are acquired on these days. MODIS data cannot be acquired on the rest of days due to cloudy condition. White portions in the chlorophyll-a concentration images are cloud covered areas. This time frame is red tide (Phytoplankton) blooming period. Such this MODIS derived chlorophyll-a concentration data are available almost every day except cloudy and rainy conditions.
Blooming is used to be occurred when the seawater becomes nutrient rich water, calm ocean winds, long sunshine duration after convection of seawater (vertical seawater current from the bottom to sea surface). Therefore, there must are relations between the geophysical parameters, ocean wind speed, sunshine duration, tidal heights and chlorophyll-a concentration.
As shown in Fig.2 , it is clear that the diatom appeared at the back in the Ariake Sea, Ariake Bay and is not flown from somewhere else. Also, there is relatively low chlorophyll-a concentration sea areas between Isahaya Bay and Ariake Bay. Therefore, chlorophyll-a concentration variations are isolated each other (Isahaya Bay and Ariake Bay). 
C. Locality of Chlorophyll-a Concentration in Ariake Bay, Isahaya Bay and Kumamoto Offshore Areas
In order to make sure that the sources of the chlorophyllconcentrations of the three different sea areas, Ariake Bay, Isahaya Bay and Kumamoto Offshore are different each other, trends of chlorophyll-a concentration of three sea areas are compared. Fig.9 (a) to (f) shows the calculated trends for the year of 2010 to 2015. Although these trends are very similar due to the fact that nutrition condition and weather condition are almost same in the Ariake Sea area, the chlorophyll-a concentrations of these sea areas shows somewhat different trends each other in detail. Therefore, it may say that the sources of the chlorophyll-a concentration are different. As is mentioned before, these three trends are very similar due to the fact that nutrition condition and weather condition are almost same in the Ariake Sea area. Therefore, monthly mean of chlorophyll-a concentrations of three sea areas show almost same trends as shown in Fig.10 . Fig.12 shows the correlations between chlorophyll-a concentration and the meteorological conditions, tidal difference a day, solar irradiance, wind speed from the north.
D. Correlations Between Chlorophyll-a Concentration and Meteorological Conditions for Three Different Sea Areas
Correlation coefficients are calculated between chlorophyll-a concentration and the other data of tidal difference a day, sun shine time duration a day and wind speed from the north. The result shows that there is a strong relation between chlorophyll-a concentration and tidal difference a day, obviously followed by wind speed from the north.
It is not always true. The situation may change by year by year. In particular, there is clear difference between year of 2011 and the other years, 2012 to 2015. One of the specific reasons for this is due to the fact that chlorophyll-a concentration in 2011 is clearly greater than those of the other years. Therefore, clear relation between chlorophyll-a concentration and the other data of tidal difference a day, sun shine time duration a day and wind speed from the north cannot be seen. That is because of the fact that there is time delay of chlorophyll-a increasing after the nutrient rich bottom seawater is flown to the sea surface. Through experiments with Terra and AQUA MODIS data derived chlorophyll-a concentration and meteorological data and tidal data which are acquired for 6 years (winter 2010 to winter 2015), it is found that strong relation between the chlorophyll-a concentration and tidal height changes. Also it is found that the relations between ocean wind speed and chlorophyll-a concentration. Meanwhile, there is a relatively high correlation between sunshine duration a day and chlorophyll-a concentration.
It is found that strong correlation between the truth data of chlorophyll-a and MODIS derived chlorophyll-a concentrations with R square value ranges from 0.677 to 0.791. Also, there is relatively low chlorophyll-a concentration sea area between Isahaya Bay and Ariake Bay. Therefore, chlorophyll-a concentration variation are isolated between both sea areas. Meantime, chlorophyll-a concentrations of Isahaya Bay, Ariake Bay and Kumamoto Offshore are different each other. It seems that chlorophyll-a concentrations at Isahaya Bay, Kumamoto Offshore and Ariake Bay are originated from the mouth of rivers while that of Kumamoto Offshore is migrated from the south. 
